As the school population becomes increasingly diverse with students of differing ethnic, cultural and linguistic backgrounds, there is a need for more responsive practices that capitalize on the cultural capital that such students bring to the learning process. Current practices especially in mathematics teaching are failing to meet the learning needs of most diverse students thus contributing to their lack of success. Further, few teacher education programs have successfully tackled the challenging task of preparing teachers to meet the learning needs of diverse students. This article explores the theory of constructivism and its implications to mathematics teaching. The article further explores culturally responsive pedagogy and what it means to be a culturally responsive teacher. In their analyses, the authors draw parallels between culturally responsive pedagogical practices and strategies for teaching based on a constructivist view of learning. They demonstrate why the general principles derived from the constructivist theory are particularly suited for teaching diverse students consistent with notions of culturally responsive pedagogy. Some recommendations for teacher preparation are then provided.
Due to the increasing nature of diversity in the classroom, teaching certification standards are requiring candidates to acquire competencies to work successfully with students from diverse backgrounds. For instance, the Council for the Accreditation of Educator Preparation (CAEP) standards states that candidates need opportunities to develop professional capabilities that will enable them to adjust and adapt instruction in appropriate ways for the diversity they are likely to encounter in their professional lives (Council for Accreditation of Teacher Education, 2013). Hollins and Guzman (2005) , cited in Watson et al. (2006) , noted that very few teacher education programs have successfully tackled the challenging task of preparing teachers to meet the needs of diverse populations. How then can colleges of education best prepare teachers to teach culturally and linguistically diverse students? One way is to focus on the pedagogical practices or instructional engagement (Aceves & Orosco, 2014) . Tate (2005) noted that traditional conceptions and practices in mathematics do not meet the learning and problem-solving styles and processes of most diverse students and these have immensely contributed to their low motivation and lack of interest and success in mathematics learning. Haberman (1991) used the term "pedagogy of poverty" to describe the unresponsive teaching practices in urban schools. Other researchers (Ladson-Billings, 2006; Nieto, 2000; Oakes & Lipton, 2007) suggest that one of the problems contributing to urban students', who are most often culturally and linguistically diverse, academic underachievement is the lack of access and opportunity to learn. The lack of opportunity to learn may be as a result of pedagogical practices that are not responsive to the unique needs of particular individuals or subgroups of students.
Teacher preparation
The National Council of Teachers of Mathematics calls for the adoption of equity as a framework for mathematics teaching practices that are focused on student learning (National Council of Teachers of Mathematics, 2000) . The equity principle states that, "excellence in mathematics requires equity -high expectations and strong support for all students (National Council of Teachers of Mathematics, 2000, p.12) . Teaching for equity means to teach in a way that is culturally relevant so that equal outcomes for all students are attained by being sensitive to individual differences ( Van de Walle, Karp & Bay-Williams, 2013) .
To better prepare teachers to be culturally responsive and successful in culturally diverse classrooms, Villegas and Lucas (2002) have described several characteristics, which teacher education programs can interweave throughout the coursework, learning experiences, and fieldwork. One of these is to adopt a constructivist view of learning. Teaching from a constructivist perspective promotes critical thinking, problem solving, collaboration, and the recognition of multiple perspectives, all consistent with notions of a culturally responsive teaching. This paper posits that teaching mathematics to culturally and linguistically diverse students could be transformed by adopting a constructivist perspective. The paper examines the teaching implications of the theory of constructivism and explores how teaching mathematics from this perspective can contributes to effective ways of teaching culturally and linguistically diverse students consistent with notions of culturally responsive pedagogy thus ensuring equal outcomes for all students. To ensure success in learning, it is important for teachers working with diverse students consider ways to capitalize on the cultural capital that such students bring to the teaching and learning process in order to make mathematics learning successful for them (Ladson-Billings, 1995a ,1995b Gay, 2000; National Council of Teachers of Mathematics, 2000; Tate, 2005) . This paper is particularly relevant in the context of preparing teachers to teach in urban setting where there is often a larger number of culturally and linguistically diverse students present in the classrooms.
Importance of study
Due to the increasing nature of diversity in the classroom, teachers are being challenged to provide an education that serves the needs of all students as well as the unique needs of particular individuals or subgroups. The problem is that the current education workforce does not reflect a similar diversity to that of the students and therefore teachers do not have the skills, knowledge and competence to teach in a way that meets the needs of these diverse students. Meeting the needs of ethnically, linguistically and culturally diverse populations requires a deep understanding of what it means to teach in a culturally responsive way. Culturally responsive educators build upon the strengths and the varied lived experiences of all students. Constructivist approaches to teaching, promote inquiry-based learning based on learners' natural curiosity about their own experiences. This study is significant in that by linking constructivism to culturally responsive teaching it provides practical descriptions of how adopting teaching strategies that are informed by the theory of constructivism, provides a culturally responsive approach that engages student populations with a wide range of differences in learning background, strengths, needs and interests. This study is also significant in that it contributes to a better under-standing for mathematics teacher education programs how to better train teachers to be culturally responsive in order to be more effective in teaching diverse groups of students in a specific field such as mathematics.
Methods
This paper explores the theory of constructivism and how teaching mathematics from this perspective contributes to effective ways of teaching culturally, ethnically and linguistically diverse students consistent with notions of culturally responsive pedagogy thus ensuring equal outcomes for all students. The authors sought to locate articles published in English language in peer-reviewed journals within the last 20 years using education electronic databases, with multicultural teaching and learning, teacher education and reform in mathematics education at the core. Our attention to research that focused on mathematics education was deliberate since very little is known about ways in which pre-service teachers can be adequately prepared to teach high quality mathematics that can effectively serve the needs of diverse students, with respect to racial/ethnicity, culture, and linguistic background. Therefore, we specifically sought out empirical research articles, theoretical papers and position statements with a focus on pre-service teacher education. We argue that mathematics teacher education programs must make a commitment to prepare pre-service teachers who are able to serve the needs of all learners irrespective of their inherent backgrounds.
Upon further advanced search, a total of 117 articles were obtained, published from 1997, with "multicultural education" or "multiculturalism" and "teacher education" or "teacher educator" and "culturally responsive teaching" on the abstract or the title. In the end the articles that qualified for analysis were selected based on the following criteria: (a) they were either empirical studies, theoretical papers or position statements in English language in a peer-reviewed journals (b) Included "multicultural education" or "multiculturalism" and "teacher education" or "teacher educator" and "culturally responsive teaching" in the title and or as a keyword. (c) Had a focus on pre-service teacher education, and (d) related mathematics teacher education to the theory of constructivism and pedagogical practices informed by this theory. Following this criterion, only 26 articles were selected for comprehensive analysis. We reviewed articles on culturally responsive teaching including those that didn't address mathematics subject because we wanted to get a better understanding of what it means to be a culturally responsive teacher. In the analyses, we drew parallels between culturally responsive pedagogical practices and strategies for teaching based on a constructivist view of learning.
With respect to research contexts investigated and research methods used, 10 out of the 26 articles were empirical studies. Out of the 10 empirical studies, 6 were conducted in the United States and 4 in Australia. About 640 pre-service teachers participated in the 10 studies as research participants. From the empirical studies, the methods of data collection include interviews, focus groups, questionnaires and observations. All the information obtained provided some insights on how pre-service teachers must be prepared to teach diverse students.
Culturally responsive pedagogy
The term culturally responsive pedagogy is used to describe a variety of effective teaching approaches in culturally and linguistically diverse classroom. Diversity, according to Cushner, McClelland, and Safford (2009) , includes attributes such as race/ethnicity, language, gender, ability, disability, health, nationality, geographic region, social class, social status, age. Culturally responsive pedagogy is divided into three functional dimensions: the institutional dimension, the personal dimension and the instructional dimension (Lynch, 2016) . In a review of empirical research Aceves and Orosco (2014) found six general culturally responsive teaching themes, among them, instructional engagement and critical thinking. The instructional dimension, which is the focus for this paper, refers to the pedagogical practices and challenges associated with implementing cultural responsiveness in the classroom (Lynch, 2016) . Gay (2010) defines culturally responsive pedagogy as teaching "to and through students' personal and cultural strengths, their intellectual capabilities, and their prior accomplishments" (p. 26); culturally responsive pedagogy is premised on "close interactions among ethnic identity, cultural background, and student achievement" (p. 27). The term implies that teachers should be responsive to their students by incorporating elements of the students' culture in their teaching. This entails embracing and celebrating individual differences, providing culturally relevant learning experiences, helping all students develop positive self-concepts, and having high expectations for all regardless of cultural background (Irvine & Armento, 2001 ). According to LadsonBillings (1995a) , culturally relevant pedagogy must meet three criteria or propositions: (a) Students must experience academic success; (b) students must develop and/or maintain cultural competence; and (c) students must develop a critical consciousness through which they challenge the status quo of the current social order.
Culturally responsive teachers use collaborative teaching and interactive strategies that tap into and support culturally and linguistically diverse students experiences.
Constructivism
Constructivist theory has featured prominently in recent research on mathematics teaching and learning and has provided a philosophical basis for mathematics education reform efforts. Constructivism is an epistemological perspective that views knowledge construction as an active, meaning making process. The basic tenets of constructivism, which are embraced to some extent by different proponents of this theory, are that knowledge is actively created by the learner not passively received from the environment, that the learner creates new mathematical knowledge by reflecting on their physical and mental actions (Clements & Battista, 1990; Fosnot & Perry, 2005) and that ideas are constructed or made meaningful when the learner integrates them into their existing structures of knowledge.
Cognitive constructivists focus on the study of the individual learner while social constructivists believe that knowledge is co-constructed. Yackel and Cobb (1996) have tried to unify cognitive constructivist and sociocultural approaches to what is now socioconstructivism because they believe that individual knowledge construction occurs in a social context. From the sociocultural learning theory, learning is a social construction of understanding between the learner and his or her social environment that include peers, objects and adults (Vygotsky, 1978) . Central to the sociocultural theory is the belief that learners learn best if instructional approaches help them use what they already know as resources for learning new knowledge and practices. Socioconstructivists therefore focus on the socially and culturally situated nature of mental activity, with participation in social and cultural settings acting as a catalyst for cognitive development (Cobb, 1994b; Yackel & Cobb, 1996) . Thus, the socioconstructivist theoretical perspective suggests that different forms of knowledge emerge in different cultural settings in response to the needs and problems faced by people in a given place and time (Patadia & Thomas, 2002) .
While constructivism/socioconstructivism is a useful theory for the learning of all students, in this article, we explore why the general principles derived from this theory are particularly suited for teaching culturally and ethnically diverse students. In this paper, the terms constructivism and socioconstructivism are used interchangeably but we emphasize the importance of culture and context in knowledge construction. As noted by Fosnot and Perry (2005) we cannot understand an individual's cognitive structure without observing it interacting in a context, within a culture.
Teaching implications of socioconstructivism
Constructivism is a theory of learning not a description of teaching (Fosnot & Perry, 2005) . Constructivism informs rather than offers a particular way of teaching. As noted by Simon (1995) , understanding learning as a process of individual and social construction gives teachers a framework with which to understand the learning of their students. Teaching from a constructivist perspective suggests several things as discussed below.
Learner-centered
Constructivism gives preeminent value to the development of students' personal mathematical ideas. This means that just like with culturally responsive practices, which advocates for teaching to and through students' personal strengths (Gay, 2010) , teaching from a constructivist perspective is learner-centered. Wood, Cobb, and Yackel (1995) assert that teachers must construct a form of practice that fits with their students' way of learning mathematics. From a constructivist perspective, one-way to do this is by encouraging students' to use their own methods for solving problems (Clements & Battista, 1990) , this way the teaching and learning process is driven by students' contributions, which taps into their ways of knowing and therefore learning. A teacher can thus builds instruction on the competencies and resources the students bring to the classroom. For instance, in a study of bilingual learners mathematics learning, Moschkovich (1996) noted that a sociocultural view of teaching bilingual mathematics learning is more effective because it focuses on describing the resources bilingual students use to communicate mathematically. Thus a teacher teaching from a socioconstructivist perspective is responsive to students learning needs as well as their cultural and language backgrounds through practices that are driven by the leaner.
Existing ideas, building on prior knowledge
From a constructivist perspective, learners construct or make new knowledge meaningful when they integrate or build upon their prior or existing knowledge. Therefore new learning depends on the learners existing understanding or prior knowledge. This suggests that teaching should allow the learner to bring to the learning environment their ways of knowing which includes their existing knowledge. Gay (2010) noted that diverse students come to school having already mastered many cultural skills and ways of knowing. A culturally responsive teacher becomes familiar with students' backgrounds and prior knowledge and engages the students in mathematical experiences that connect with these diverse backgrounds and capabilities, which in turn helps them to succeed.
Emphasis on problem solving
From a constructivist perspective, a learner actively constructs knowledge by reflecting on their physical and mental actions. One major goal for teaching from a constructivist perspective is that learners become autonomous and motivated in their mathematical activity. Such students believe that mathematics is a way of thinking about problems. They believe that they get mathematical knowledge more so from their own explorations, thinking, and participation in discussions. Knowledge construction requires that the learner is able to think critically, analyze ideas, make inferences and apply problem solving and reasoning to solve new or unfamiliar problems. These are all important components of culturally responsive pedagogy. Teaching through problem solving therefore requires teachers to create opportunities for students to be actively involved in their own learning, to investigate real and open-ended problems; formulate questions; make and test conjectures and develop solutions to challenging situations. Culturally responsive teachers can use the problem solving approach by selecting tasks in which the context and material incorporated is culturally relevant and taps well into the students' ways of knowing. When students are engaged in solving problems that are meaningful, it increases their motivation to learn and solve real problems in their lives thus allowing for higher order thinking. There is evidence to show that using culturally relevant problem solving instruction can improve student achievement (Likpa & Adams, 2004) . Higher order thinking and problem solving approach to teaching mathematics promotes academic rigor thus can help students experience academic success, which is one of the criteria for culturally relevant teaching (Ladson-Billings, 1995a , 1995b .
Using a problem solving approach provides students with an opportunity to develop a deep understanding of mathematical content through knowledge construction as they search for possible solutions to a problem. A teacher can use problems to provide opportunities for students to critique, challenge, and transform examples of injustice or inequity in their daily lives and communities as advocated for by Ladson-Billings (2001) . Learners can construct knowledge and understanding while they address problems that touch upon their cultural backgrounds, which could eventually lead to transformation of their daily lives. Thus engaging learners in problem solving helps meet another of the criteria for culturally relevant teaching, which calls for learners to develop a critical consciousness through which they challenge the status quo of the current social order (Ladson-Billings, 1995a , 1995b .
Social interactions and collaborative learning
A traditional approach to teaching assumes teacher control of the learning process with students as passive participants while constructivists and advocates of culturally responsive pedagogy advocate for a more interactive approach to teaching which encourages responsibility and student autonomy in learning thus empowering students. Teaching from a constructivist perspective and culturally responsive instruction both require continual interaction between the students and with the teacher. Social interaction plays a critical role in learning. This implies that teaching should focus on taking advantage of the powerful social nature of learning to include the use of cooperative learning tasks, as well as peer tutoring so students learn from having dialogue with each other about significant problems. According to Bruner (1986) , learning is a social process in which children grow into the intellectual life by learning with or from those around them. Thus a constructivist classroom is seen as a culture in which students are involved not only in discovery and invention, but also in a social discourse involving explanation, negotiation, sharing, and evaluation (Clements & Battista, 1990) . The members of a culture cooperatively establish mathematical ideas and truths, both in use and in meaning.
A classroom in which the teacher encourages student interactions fosters mathematics communication and discourse and thus may provide opportunities for learners who are bilingual or English learners to flourish not only in acquiring mathematical knowledge but also in developing their language skills through interaction with peers and the teacher. Also giving students opportunities to discuss their strategies with each other, may offer ELL and students with learning disabilities a chance to speak and to practice using the mathematical language in a non-threatening environment.
Context
Because learning from a constructivist perspective is experiential, making connections to student's personal life and interests is essential. A culturally responsive teacher uses examples and content from a variety of cultures and groups to illustrate key concepts, principles and generalizations in the content area. Everyday contexts, metaphors, meanings, and experiences can provide resources for understanding mathematical concepts. For example, Moschkovich (1996) described how students used a metaphor drawing on everyday experiences, to compare the steepness (slopes) of lines on a graph by describing a steeper line as harder to climb than a line that is less steep. Another teacher used with urban students, the idea of 'running and shooting' a basketball, to help the students understand the conventional way of writing the ordered pair (x, y) where x describes run on the horizontal axis and y describes the rise on the vertical axis. This was after he found that most of them were reading and writing ordered pairs as (y, x). Noguera (2003) in his study of urban students noted that teachers need to know how to make ideas and knowledge meaningful to students and how to use culture and interests as tools to teach them. Teaching from a cultural perspective makes mathematics meaningful (Van de Walle, Karp & Bay-Williams, 2013) . Using a cultural context honors the learners' diversity while also helping them learn important mathematics concepts. Teaching mathematics from a cultural perspective can be done through examining historical development of concepts, contributions of different cultures and individuals to mathematics and integration of thematic units into the learning. These examples reinforce the need for a teacher to have some knowledge of students' lives outside of the classroom in order to teach to their strengths and weaknesses.
Role of teacher
Learning from a constructivist perspective means that a learner constructs their own knowledge and understanding of the concepts, which means that the class must be learner-centered to allow students to construct and develop for themselves the meanings of mathematical concepts. This means that the role of the teacher shifts to become more of a facilitator in the learning process helping the students construct knowledge rather than reproduce facts. As noted by Clements and Battista (1990) , a constructivist teacher must be skilled in structuring the environment of the classroom both intellectually and socially so that students discuss, reflect on, and make sense of the given tasks. The constructivist teacher does this by providing the tools of inquiry and problem solving with which the students formulate and tests conjectures, draw conclusions, make inferences and communicate their knowledge. Constructivist teachers must therefore be able to pose tasks that bring about appropriate conceptual reorganizations in students thinking (Clements & Battista, 1990) . All this requires teachers to have knowledge of how students learn, as well as knowledge of the individual students so that they adapt their teaching to how those students learn. A teacher can only be in a position to nurture the individuality of a learner if they know them and have an understanding of their cultural backgrounds and this way the teacher is able to use students culture and interests as tools to teach them thus making ideas and knowledge meaningful to the learner. A teacher can learn about their students by first building relationships with them. One can use surveys or questionnaires or talking to the students to learn about some of their interests.
One dimension of Ladson-Billings' (1995a , 1995b culturally relevant pedagogy is holding high academic expectations and offering appropriate support such as scaffolding. Once the teacher has acquired the knowledge of his/her students, he/she can scaffold learning in a way that is culturally relevant which may include questioning to promote a deeper understanding of the content using contributions of the students and making reference to their culture or language. The teacher's role then is to create a learning environment whereby learners are encouraged to use their own strategies for solving problems and then share how they solved the problem. In this way a student from a different culture may have learned a different strategy for that concept or skill and in the process of explaining their strategy the student gains an opportunity to further develop language skills.
Challenges and recommendations
While some teachers are willing to embrace culturally responsive teaching practices they are nonetheless faced with some challenges. One challenge is teacher beliefs, which have a considerable influence on virtually all aspects of teachers' decisions about instruction. One challenge is that teachers misunderstand or hold beliefs that maybe inconsistent with the constructivism and culturally responsive pedagogy thus implementing the recommendations based on these perspectives wrongly. For instance, some teachers hold the beliefs that students must first learn "the basics" of mathematics through direct instruction, memorization and drill before they can engage in more challenging learning activities. Such beliefs ignore the knowledge, skills, and experiences that culturally and linguistically diverse students bring therefore denying them meaningful learning which can lead to student disengagement. When teachers hold beliefs that are inconsistent with required change, they are bound to implement ideas wrongly. Teacher educators need to help prospective and in-service teachers explore the pedagogical implications of these theoretical perspectives for themselves, this way they begin to align their beliefs with the constructivist teaching and culturally responsive perspectives thus helping them become successful as culturally responsive teachers. Tsuruda (1994) referred to teachers adopting new practices without changing their beliefs as representing the 'form' rather than the 'spirit' of what it means to change. With a sound understanding of the constructivist theory can implement these ideas more effectively into the classroom-learning environment (Brewer & Daane, 2002) . With a deep understanding of the theoretical basis for changing their beliefs, teachers will focus on making fundamental changes in their instructional practices rather than simply making alterations to the content. Further with a deeper understanding, teachers will go beyond cultural simplistic conceptions, for instance, in which teaching diverse students is reduced to cultural celebrations or discrete set of techniques or bits of content added to the lessons (Sleeter, 1997) . Teachers will have the ability to construct a form of practice that fits with their students' ways of learning.
Another challenge is the limited amount of time to research and develop curriculum that is responsive to the needs of the learners especially with the pressures of raising standardized test scores. Teachers particularly from schools that are labeled as underachieving which also tend to be mostly the ones that serve minorities and other diverse children, tend to teach a more standardized curricula or 'teach to the test' in an effort to raise test scores, both of which are not responsive to the learners. A culturally responsive teacher believes in teaching strategies that are based on students solving challenging problems that are authentic and arising from students lived experiences and involves students in collaborative learning with the goal of developing a deep understanding of the content. This is much more effective than teaching to the test and will produce the similar if not better results in standardized tests.
Another challenge may be that in most US colleges and universities, the demographics of teacher education faculty tasked with improving the preparation of teachers for diversity, parallel the profile of the teacher candidates and therefore may be as lacking in this area as are their students. As noted by MacDonald, Colville-Hall, and Smolen (2003) , a majority of higher education faculty are white educators and almost 63 % have grown up in communities where they had little or no contact with those they will later identify as ethnically or racially diverse. Further, fewer than one-third of them have travelled extensively outside of their own country and their k-12 teaching was in seldom in urban settings with diverse student populations. This means that there is a need to provide multicultural skills and training to education faculty so they can acquire the necessary skills to translate the theory into the practice of curriculum development and instruction in order for them to help teacher candidates be successful teaching in a way that is culturally responsive.
Prospective teachers need the help to learn how to adapt their content knowledge and pedagogical skills to the contexts of culturally, ethnically, and linguistically diverse student populations and school situations. Being a culturally responsive teacher requires one to understand that learners construct their own knowledge and to have a deeper understanding of their students lived experiences and backgrounds. This means that for a teacher to be culturally responsive then one of the things they must do is adopt a constructivist view of knowledge.
